In the last decade, Daubechies' wavelets have been successfully used in many signal processing paradigms. The construction of these wavelets via two channel perfect reconstruction filter bank requires the identification of necessary conditions that the coefficients of the filters and the roots of binomial polynomials associated with them should exhibit. In this paper, orthogonal and Biorthogonal Daubechies families of wavelets are considered and their filters are derived. In particular, the Biorthogonal wavelets Bior3.5, Bior3.9 and Bior6.8 are examined and the zeros distribution of their polynomials associated filters are located. We also examine the locations of these zeros of the filters associated with the two orthogonal wavelets db6 and db8.
Introduction
The Daubechies wavelets construction, requires the finding of a scaling function   t  and a wavelet func-
. This construction is best described via a two-channel perfect reconstruction filter bank [1, 2] and depends on the distribution of the zeros of some polynomials in the plane. The literature provides many theorems describing geometric locations of the roots of certain polynomials [3, 4] . Identifying necessary conditions for the coefficients of the filters associated with the construction is vital for orthogonality, Biorthogonality and alias cancellation. The distribution of the zeros of the binomial polynomial related to the construction of these wavelets were proved to reside inside the unit circle [5] , and better limits for these roots based on a generalization of the Kakeya-Enestrom Theorem were derived in [6] where it was shown that if y is a root of a binomial polynomial of degree , then:
of polynomials is derived from this construction process by considering the ratios of consecutive binomial polynomials' coefficients essentials to these constructions. We showed mathematically that the roots of this class of polynomials reside inside the unit circle. In Section 3, the construction of Daubechies orthogonal wavelets is detailed. In Section 4, the new class of polynomials is introduced and the distribution of their zeros is examined and mathematically shown to reside inside the unit circle. An example is then presented illustrating the location for the zeros of the derived polynomial of the orthogonal mother wavelet db6. The case of db8 is then examined in Section 5 and results are obtained. Section 6 describe the conclusion of this work.
Related Works
A two-channel filter bank has a low-pass and a high-pass filter in the decomposition (analysis) phase and anotherlow-pass and a high-pass filter in the reconstruction (synthesis) phase. Let 0 H and 0 denote the low-pass filter coefficients and the high-pass filter coefficients respectively of the analysis phase, then given the coefficients of [1, 7] that the coefficients of the filters 1 H , 0 and 1 that lead to orthogonality can easily be derived from the coefficients of 0 G G H . Therefore, to construct a Daubechies orthogonal wavelet, all we need to do is to find the coefficients of the filters 0 H associated with it.
The distribution of the zeros of a family of polynomials having their coefficients as the ratios of those of the binomial polynomials is considered in Section 4 and proved to reside inside the unit circle. Similar discussions about Daubechies' Biorthogonal wavelets family are also included along with the constructions of Bior3.5, Bior3.9 and Bior6.8. In the orthogonal case, the scaling and wavelet functions are derived from the coefficients of the
The analysis scaling and wavelet equations thus become: 
And the highpass filter is Biorthogonal to the lowpass filter: Figure 1 shows the frequency responses of the decomposition and reconstruction filters and, the decomposition and reconstruction scaling and wavelet functions of the Biorthogonal (Bior3.9) [9] . Figure 2 shows this Biorthogonl wavelet zeros' distribution of its decomposition and reconstruction filters. This wavelet possesses the propreties of being smooth with a linear phase and short length filters. Also, Table 1 displays the coefficients of the low-passes and high-passes filters of Bior3.9. Figure  3 and Figure 4 show the zeros' distributions for the filters associated with Bior6.8 and Bior3.5 respectively. Wavelets such as db6 and db8 have played a very essential role in a variety of speech recognition and compression paradigms introduced last decade [10, 11] . The low-pass and high-pass filters in the decomposition phase of a two channel filter bank are depicted in Figure 5 and two more filters of the reconstruction phase are displayed in Figure 6 . Let   0 h n and   0 g n denote the low-pass filter coefficients and the high-pass filter coefficients respectively in the analysis phase. To obtain perfect reconstruction, these two filters must satisfy the following conditions [1,2]: 1) For the low-pass filter :
Construction of Daubechies Orthogonal Wavelets
2) For the high-pass filter
where   k  is the Dirac delta function defined by: g n that lead to orthogonality can easily be derived from the coefficients of 0 . Therefore, to construct a Daubechies orthogonal wavelet, all we need to do, is to find the coefficients of the filter associated with it. 
2) Factor 0 in 1 0 P H H , then find 1 and . And can be reduced even further by defining: 0 and substituting 
which implies that is a half band filter [1] with all of its the coefficients zeros except the constant term 1. Furthermore, the odd powers cancel when we add   Figure 7 . Here, we also need to choose the binomial polynomial p associated with it which has a degree of
The coefficients of these polynomials can be found recursively for p by using the following equation:
For a given value p, the coefficients of   p B y are in an ascending order [5] . To get the roots of
, one scales b by 4 and to facilitate the numerical calculations, one uses the variable 4y instead of y. The ratio of any two consecutive coefficients is:
Which in its simplest form can be expressed as:
This equation will be used in Section 5 to construct the family of polynomials with coefficients equal to the ratios of this polynomial consecutive coefficients. Now to compute the zeros of 2p    P z other than −1, we note that according to [1, 9] the frequency response of the half-band filter is given by: On the unit circle we have:
Also, off the unit circle we use the same relation between z and y. Rearranging these terms leads to: Note that 1
That is, we have roots and their inverses, namely:
The distribution of these zeros in the plane is shown in Figure 8 . From , is then derived and all is left is to factorize 0 . Daubechies did the following factorization found in [1]:
where is a polynomial of degree
The Construction of db6
For p = 6, the db6 wavelet is obtained. 
Zeros of Ratio Coefficients Polynomials
Now we consider the class of polynomials with coefficients those of the ratios obtained in Equation (4). An optimal limit of these zeros in the complex plane was presented in [12] . Other theorems and alternative approach to proving this distribution can be found in [13] . Now the rations can be expressed as follows: Figure 12 7 ro la ots ne a
x , y and u are listed in Table 3 .
From the definition of   The scaling and wavelet functions of one of the Daubechies wavelets' family member called db8 are shown in Fi leads t gure 13. The same figure also shows the impulse response of the four filters associated with that wavelet and Table 4 displays The coefficients of the of db8 filters. 
